CYTOCHEMICAL LOCALIZATION OF ACID PHOSPHATASE ACTIVITY IN GRANULE FRACTIONS FROM RABBIT POLYMORPHONUCLEAR LEUKOCYTES by Farquhar, Marilyn G. et al.
CYTOCHEM[ICAL  LOCALIZATION  OF  ACID 
PHOSPHATASE  ACTIVITY  IN  GRANULE  FRACTIONS 
FROM  RABBIT  POLYMORPHONUCLEAR  LEUKOCYTES 
NIARILYN  G.  FARQUHAR,  DOROTHY  F.  BAINTON, 
MARCO  BAGGIOLINI,  and  CHRISTIAN  DE  DUVE 
From The Rockefeller Umversity, New York 100~21. Dr. Bainton's  present address is Department of 
Pathology, University of California School of Medicine, San Francisco, California 9~1°~2 
Dr. Baggiolini's  present address is Research Institute, Wander Limited, CH-8001 Berne~  S~ itzerland. 
ABSTRACT 
When rabbit peritoneal exudates (97 % polymorphonuclear [PMNJ  leukocytes, 2% mono- 
nuclear cells)  were fractionated by zonal sedimentation or isopycnic centrifugation, four 
fractions (A,  B,  C,  and D)  were  obtained, as reported earlier.  "A"  consisted largely of 
PMN azurophil granules, "B" of PMN specific granules, and "D" of membranous elements. 
The source of the more heterogeneous "C" fraction (containing acid hydrolases) was uncer- 
tain. To gain further information on the nature of this fraction, cytochemical tests for acid 
phosphatase (AcPase) were carried out on the starting ceils and on the fractions. In intact 
PMN, lead phosphate reaction product was found in Golgi complexes, perinuclear  cisternae, 
and some azurophil granules (immature  forms or disrupted mature forms) of a few ceils. The 
specifics and the intact azurophils were not reactive. Reaction product was also found within 
Oolgi clsternae, secondary lysosomes,  and some of the azurophil granules of mononuclear 
ceils. Observations on the A and B fractions confirmed those zn situ regarding the localization 
of reaction product in disrupted PMN azurophils, its absence from specifics, and the latency 
of the enzyme activity- in intact azurophils. In the C fraction, AcPase was found in three 
structures' (a) Golgi cisterna% (b) dense bodies, and (c) small pleomorphic granules  Com- 
parison with the starting cells  indicates that the  Golgi  complexes are  probably derived 
from both PMN Ieukocytes and mononuclear cells,  whereas the  remaining elements re- 
semble (in size, shape, and density) secondary lysosomes and azurophil granules°f mono- 
nuclear cells. The results indicate that the bulk of the cytochemically detectable AcPase 
present in the C fraction is derived from mononuclear cells, rather than from PMN ]euko- 
cytes 
INTRODUCTION 
Recent work  carried out on rabbit polymorpho- 
nuclear leukocyte  (PMN) 1 granules in  situ  (1-5) 
and in fractions (6, 7) has established the existence 
1Abbreviations used  in  this  paper:  AcPase,  acid 
phosphatase;  ElK, endoplaslnic  reticulum;  PlaiN, 
polymorphonuclear leukocyte. 
of  two  types  of  granules  in  mature  PMN-- 
azurophils and specifics. The azurophils represent 
a special type of primary lysosome  containing  acid 
hydrolases as  well as peroxidase  (4,  5,  6-8)  and 
acid mucosubstance (9). The specifics are not lyso- 
somal in nature since they lack acid hydrolases and 
so far are known to contain alkaline phosphatase, 
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(6). The eytochemical and biochemical data are in 
close  agreement  concerning  the  nature  and  en- 
zyme content of these two granule types but have 
left unresolved  the question  of the  existence  of a 
third type. Wetzel et al. (2, 3) reported finding an 
additional  population  of  "tertiary"  granules, 
which arose late in PMN development,  appeared 
smaller and more variable in shape than the other 
two  types,  and  contained  acid  phosphatase 
(AcPase) activity. However, no such granules were 
detected  by Bainton  and  Farquhar  (1,  4,  5).  In 
their  fractionation  studies,  Baggiolini  et  al.  (7) 
identified a  third  group  of particles,  lysosomal in 
character  and  smaller and  lighter  than  the  azu- 
rnphits  and  specifics, which they suggested might 
correspond  to  tertiary  granules.  However,  the 
fraction (C) in which these particles were concen- 
trated,  was  quite  heterogeneous.  They  also  con- 
sidered  the  possibility  that  the  C  particles  were 
derived from mononuctear cells, that is monocytes 
and macrophages, which are present in small num- 
bers in the starting material (peritoneal exudates). 
The aim of this study was to obtain further infor- 
mation on the nature and source of the C  particles 
by  carrying  out  a  combined  morphological,  bio- 
chemical,  and  cytochemical inquiry. 2 Cytochemi- 
cal  tests  for  AcPase  were  conducted  on~PMN 
granule fractions,  and  the distribution  of reaction 
product was compared to that in the intact cells of 
the starting material  Our results indicate that  (a) 
the distribution of AcPase in the C fraction is heter- 
ogeneous  (being  localized  in  Golgi  cisternae, 
secondary lysosomes, and small pleomorphlc gran- 
ules),  and  (b)  the  bulk  of  the  cytochemically 
demonstrable AcPase activity present in this frac- 
tion is derived from mononuclear cells rather than 
from PMN. 
IVIATERIA. LS  AN'D  M:ETttODS 
Materials 
Shellfish glycogen was obtained from Amend Drug 
and  Chemical Co.,  Inc.,  New York; o-tolidine from 
MC&B  Manufacturing  Chemists,  Norwood, Ohio, 
~-glycerophosphate  (grade I),  and p-nitrophenyl-N- 
acetyl-fl-D-glucosaminide from Sigma Chemical Co., 
St.  Louis,  Mo.,  and  p-nitrophenyl  phosphate  (di- 
sodium salt 5  H20,  A  grade)  from Calbiochem, La 
Jolla, Calif. Glutaraldehyde was obtained either as a 
2 These  findings  were  previously  presented  in  pre- 
liminary form (11). 
25% solution (biological grade) from Fisher Scientific 
Co,  Pittsburgh,  Pa.,  and redistilled  (12)  before use, 
or as an 8% solution of "pure glutaraldehyde" from 
Electron Microscopy Sciences, Fort Washington,  Pa. 
Both glutaraldehyde solutions showed a single peak at 
280  nm  when  analyzed  by  ultrawolet  spectropho- 
tometry (13). 
Methods 
PRODUCTION  OF  EXUDATES:  Peritoneal  exu- 
dates  were  induced  in  adult  New  Zealand  rabbits 
according to the method of Hirsch (14).  In brief, each 
animal was injected with 250 ml of a 0.1% solution of 
shellfish  glycogen in  sterile  saline.  After  4  hr,  the 
exudate  was  collected  by  gravity  drainage  either 
directly into a  15 ml conical centrifuge tube contain- 
ing fixative  (in the case of cells to be examined by 
electron  microscopy  for  morphology  and  cyto- 
chemistry) or into a bottle containing 5000 units/ml 
heparin (in the case of cells to be fractionated). 
pROCEDURES  FOR  EXUDATE  CELLS.  Speci- 
mens prepared for morphologie studies were fixed for 
4-6  hr  at  25°C  in  1.5%  glutaraldehyde  in  0.1  M 
cacodylate  (pH  7.4)  or phosphate  (pH  7.6)  buffer, 
placed  in  0.4  ml  polyethylene  tubes,  packed  by 
centrifugation for 4 rain at ~-~ 10,000 g with a Micro- 
fuge  152  (Beckman  Instruments,  Inc,  Spinco Div., 
Palo  Alto,  Calif.),  postosmicated,  and  processed  as 
described  previously  (5).  Specimens  collected  for 
cytochenustry were fixed 10 rain in 1.5~ glutaralde- 
hyde in 0.1  M cacodylate buffer at 4°C, and washed 
three times (by repeated spinning and resuspension) 
in 0.1 M cacodylate containing 0.2 M sucrose.  The cells 
were incubated in suspension for 90 rain to  17 hr in 
modified  Gomori  medium,  pH  5.0  (15),  with  fl- 
glycerophosphate  as  substrate,  and  then  washed, 
postosmicated,  stained in block with uranyl acetate, 
and embedded in Epou  as previously described  (5). 
The controls were incubated without substrate 
FRACTIONATION:  Cells were washed three times 
in  0.34  M sucrose  (by eentrifugation  for  10  rain  at 
400 g  and  resuspension)  and  homogenized by mild 
shearing  on  a  Vortex  mixer  (Scientific  Industries, 
Inc.,  Queens Village, N.  Y.).  The  homogenate was 
spun  at  400  g  for  10  rain  (to  remove intact  cells, 
nuclei,  gross  debris,  and  erythrocytes).  The  pellet 
was  then  fixed in glutaraldehyde  and  prepared  for 
examination by  electron  microscopy.  The  resulting 
supernatant  was  fractionated  by  zonal  differential 
centrifugation  through  a  sucrose  gradient  in  a  B- 
XIV rotor  as described  by Baggiolini et al.  (6,  7). 
All spins were carried out at 6800-7500  rpm for  15 
min. 
BIOCHEMICAL  ASSAYS:  The fractionations were 
monitored by assaying for peroxidase, alkaline phos- 
phatase,  N-acetyl-fl-glucosaminidase, and  acid  p- 
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enzymes  for  azurophils,  specifics,  C  particles  (in 
addition to azurophils), and membranes, respectively. 
Assays for ~-glycerophosphatase were also performed 
in most experiments. These enzymes were measured 
as described previously  (6,  7).  The four fractions in 
which  marker  enzymes  showed  a  peak  of  activity 
were  selected  for  morphological  examinauon,  and 
labeled A, B, C, and D. The A and B fractions essen- 
tially correspond to those previously labeled as such 
(6)  Fractions C  and D  represent adjacent cuts in the 
previous C  fraction  Isopycmc centrlfugation, which 
affords  better  resolution  between  the  C  and  D 
particles, was not used here because of the higher con- 
tarmnation of the C  zone by J3 particles  (7), and the 
longer preparation time involved (2-3 hr) with result- 
mg delays in obtaining the fractions. 
PROCEDURES  FOR  GRANULE  FRACTIONS  ' 
Samples (7.5-10 ml) were collected from peak regions 
of the A, B, C, and D  fractions and placed in No.  30 
cellulose  nitrate  centrifuge  tubes  (capacity,  38 5 
ml)  contaimng  10  ml  of  0 5%  glutaraldehyde  in 
0  1 M cacodylate  (pH  7.4)  After  t0  rain,  the tubes 
were filled with cacodylate buffer and spun at 30,000 
rpm for  1 hr in a  No.  30 rotor on a  Spinco Model L 
ultracentrifuge  (Beckman,  Spinco Div ).  The super- 
natant  was  decanted,  the  surface  of  the  resulting 
pellets was rinsed three times in the same buffer, and 
AcPase  incubation  medium  (15  ml)  was  added  to 
each  tube.  Incubation  was  earned  out  for  90-120 
rain at 37°C. After incubation, the pellets were rinsed 
three times in 0.1 M acetate-Veronal buffer  (contain- 
ing  0.2  M sucrose),  postosmicated  (60  min),  treated 
with 0.5% uranyl acetate  (60 rain),  rinsed briefly in 
70~o  and  95%  alcohol,  and  placed  in  absolute 
alcohol.  All  preceding  steps  were  accomplished 
directly  in  the  centrifuge  tubes,  since  the  pellets 
usually  remained  adherent  to  the  tubes.  During 
dehydration  (95%  or  absolute  alcohol),  the  pellets 
and tubes were cut into strips of 1 mm X  3 mm  X 
0.1-0.2 mm which were placed in vials for subsequent 
processing.  The  strips  were  then  infiltrated  with 
propylene  oxide  (in  which  the  cellulose  nitrate 
backing  dissolved)  and  embedded  in  Epon  in  flat 
embedding  molds  (16)  (Ladd  Research  Industries, 
Inc., Burlington, Vt.)  to facilitate orientation during 
sectioning. 
SPECIAL  STAINS  AND  CELL  COUNTS'  Drops 
of  peritoneal  exudate  and  granule  fractions  were 
placed on glass slides, rapidly dried,  and heat-fixed. 
Some  were  processed  and  stained  with  YVright's 
stain or azure A  as previously described  (4).  Others 
were stained for 30 rnin with  1% eosin Y  in 0.01 
Na-Veronal buffer  (.pH  7.6),  and washed briefly in 
the  same  buffer.  Differential counts  of 500  exudate 
cells were  performed  on  Wright's-stained smears 
RESULTS 
Exudate  Cells 
DIFFERENTIAL  CELL  COUNTS:  Differential 
counts  indicated  an  average  of 97%  PMN,  25~ 
mononuclear cells, and 0 5 %  each eosinophils and 
lymphocytes  in  all  exudates  These  percentages 
are  very  similar  to  those  obtained  previously  by 
Baggiolini et al  (7) 
MORPHOLOGICAL  STUDIES.  The  mature 
PMN  (Fig  1), which constitute the major compo- 
nent  of the  exudate,  showed  features  identical  to 
those described previously (1) for mature PMN  in 
the bone marrow. Nuclei were typically condensed 
and  multflobulated  and  the  cytoplasm  contained 
numerous granules and large lakes of glycogen but 
very  few  other  structural  elements  (endoplasmic 
retlculum [ER] was scanty, mitochondria were few, 
and Golgi complexes small). The granules were of 
two types  large ovoid azurophil or primary gran- 
ules  and  smaller,  less  dense  specific  or  secondary 
granules, which were more numerous. Most of the 
azurophils  were  mature  and  appeared  ovoid  or 
spherical,  with homogeneous contents  A  few im- 
mature  "nucleold"  forms  (with lamellated  cores) 
(5) were also present (Fig.  3)  The majority of the 
specifics were spherical with diameters of 300-500 
nm, but a few rod or dumbbell forms could usually 
be  seen.  The  main  difference  noted  between 
mature PMN found in the bone marrow and those 
in exudates was in the amount of glycogen present, 
which is massive (occupying as much as one-third 
of  the  cell  volume)  in  the  case  of  the  exudates 
PMN  glycogen  deposits  have  the  distinction  of 
being  composed  of unusually  large  (30-40  nm) 
f~-particles (I 7). 
The  mononuclear  cells  in  the  exudate  differed 
in  size  and  content.  Some  undoubtedly  had  re- 
cently immigrated from the blood  These had the 
characteristic  features  of monocytes  (18),  with  a 
moderate amount of rough ER, a  small Golgi com- 
plex, and clusters of azurophil granules varying in 
size and  shape located  near  the hof of the horse- 
shoe-shaped  nucleus  (Figs  4-6).  Other,  larger 
cells were typical macrophages,  exhibiting a  more 
elaborate rough ER,  a  larger Golgi complex,  and 
a  spectrum of lysosomal elements (phagocytic vac- 
uoles, dense bodms of variable size and shape, and 
coated vesicles [18]).  Some of these cells appeared 
to  be  actively phagocytizing  the fibrin present in 
the exudates 
CYTOCt-IEMICAL  STUDIES  :  In  preparations 
FAnQU~An  ET  AL.  Actd Phosphatase in PMN Granule  Fraelions  143 Fmvnm 1  PMN leukocyte from  a  rabbit  peritoneal  exudate.  The  section cuts  through  three  lobes 
(nl-ns)  of its multilobulated nucleus. Its cytoplasm is packed with granules and huge lakes of glycogen 
(g) but contains little else. The granules are of two types: the azuroplfils  (ag) and the specifics  (sg). The 
azurophils are larger and denser than the specifics which are twice as numerous. The glycogen deposits 
consist of unusually large (80-40 nm) t-particles (17). Specimen fixed  in 1~% glutaraldehyde in 0.1 M 
cacodylate (pI-I 7.6) for 4 hr and postfixed in 0sO4 in the same buffer. Section doubly stained in uranyl and 
lead. X  12,000. 
incubated for up to 90 mln for AcPase, only some 
of  the  P1V[N showed  reaction  product;  in  fact, 
most  of the  cells were  unreacfive.  In  cells where 
reaction product was present (Fig. 3), it was found 
in two sites: (a) Golgi cisternae, and  (b)  immature 
azurophil  granules.  Mature  azurophil  granules 
were  not reactive.  In  preparations  incubated  for 
longer periods (3½ hr), more PMN contained reac- 
tion  product,  and  the  amount  in Golgi cisternae 
and  in  immature  azurophils  was  increased  De- 
posits  were  also  seen in  the  perinuclear  cisternae 
of a  few cells and,  rarely,  around  immature  spe- 
FIGun~.s £ and 8  AcPase preparations of exudate cells, illustrating the distribution of AcPase reaction 
product in PMN and the histochemical latency (to heavy metal techniques) of Act'ase activity in azuro- 
phil granules. Among the granules only the immature azurophils (Fig. 8) or mature azurophils that have 
been activated by disruption (Fig. 2) are reactive. Mature, intact azurophils (ag) are not reactive. Fig. 8, 
incubated  for  90  min,  shows  reaction  product  in  the  Golgi complex  (Go) and  in a  single immature 
azurophil granule (ia) identifiable as a "nueleoid" form (see reference 5) by virtue of its lameIlated cen- 
tral  core. The cell in Fig. 2, which was subjected to prolonged incubation (6 hr), contains several reac- 
tive azurophil granules (arrows)  that have been partially disrupted (as evidenced by their partly extracted 
content) and thel~eby activated by the prolonged incubation at acid pI-t. The specific granules (sg) are not 
reactive in either preparation. Nucleus (n). Specimens fixed 10 rain in 1~% glutaraldehyde in 0.1 M  caco- 
dylate (pH 7.4), incubated in Gomori medium at pI-I 5.0 with fl-glycerophosphate,  and postfixed in OsO4. 
Sections stained in lead alone. Fig. ~, X 32,000; Fig. 3, X 37,000. 
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longed (6-17 hr) (Fig. 2), the deposits were heavier 
in immature azurophil granules and in Golgi and 
perinuclear cisternae, but there was increased non- 
specific background (1.e, a  fine sprinkling of lead 
phosphate)  over  the  entire cell  In addition,  we 
observed increased numbers of reactive azurophil 
granules, usually appearing partially damaged or 
extracted.  Thus  our  findings  confirm  previous 
studies on P1VIN from bone marrow (5) and from 
peritoneal exudates (19) indicating that the AcPase 
activity present in mature azurophils is latent to 
demonstration in this  type of preparation.  Only 
immature  azurophils  are  reactive,  whereas  the 
mature granules require disruption (such as occurs 
after  prolonged  incubation or  smearing  [4])  for 
activation. 
In  mononuclear  cells,  there  were  typically  a 
number of AcPase-positive elements in essentially 
every cell after incubation for only 90 ~fin, and the 
amount of reaction product visible increased after 
longer  incubation  In  confirrrmtion  of  previous 
work  (18),  in those cells which apparently repre- 
sented  monocytes  recently  immigrated  from  the 
blood, some but not all of the azurophil granules 
as well as the  Golgi complex  contained reaction 
product  (Figs.  4-6).  In  macrophages,  reaction 
product was observed in the Golgi complex and in 
many of the lysosomal elements  (coated  vesicles, 
phagocytic vacuoles, and dense bodies), and occa- 
sionally in the rough ER, including the perinuclear 
cisterna. 
In the few eosinophils present, reaction product 
was found in some but not all of the granules, with 
the exact number of reactive granules varying from 
cell to cell. 
CONTROLS:  No reaction product was seen in 
intact exudate ceils or in fractions incubated up to 
90 rain without substrate  After 90 rain, there was 
an increasing (nonspecific) background of fine lead 
phosphate precipitate within the cells. 
PMN  Fractions 
BIOCHEMICAL  RESULTS :  The  biochemical 
results were identical to those reported earlier (6, 
7). As mentioned, fractions A, B, C, and D  corre- 
spond to peaks of activity for peroxidase, alkaline 
phosphatase,  N-acetyl-fl-glucosaminidase,  and 
acid p-nitrophenyl phosphatase, respectively. 
SPECIAL  STAINS  :  FractionA contained many 
large round or oval granules which stained reddish- 
purple with azure A, thus confirming their azuro- 
philia and their identification as azurophil or pri- 
mary granules. With Wright's stain or with eosin, 
these granules stained pink, since as already indi- 
cated (4), they do not stain azurophilic in mature 
PMN with the routine Wright's procedure.  Frac- 
tion B, in which specific granules are concentrated, 
contained many granules which were smaller than 
A granules, did not stain with azure A, and stained 
pink with Wright's stain or eosin. Fraction C  con- 
tained relatively few granules. Some of those pres- 
ent stained pink with Wright's stain or eosin, while 
others,  which were  relatively small,  were  azuro- 
philic with azure A. No granules were seen in frac- 
tion D  with any of the staining procedures. 
400 g  PELLET :  The pellet obtained after ini- 
tial centrifugation of the total homogenate (400 g 
for  10  rain)  contained primarily nuclei,  most  of 
which were disrupted,  and miscellaneous cell de- 
bris  (granules,  primarily  azurophils,  mitochon- 
dria, nuclear envelopes, vesicular profiles), as well 
as fibrin, red blood cells, and intact PMN. It is of 
interest  that  numerous  undisrupted  PMN  were 
always present, but we could not identify any in- 
tact mononuclear cells, indicating that  these ele- 
ments are quite effectively disrupted by the homog- 
enization procedure 
A  ]FRACTION :  The bulk of this fraction con- 
sists of the large A  or azuropbil granules (6)  (Fig. 
7),  which were most concentrated at the bottom 
of the pellet  Miscellaneous cell debris (occasional 
I~GU~ES 4 and 5  Mononuclear cell from a peritoneal exudate reacted for AcPase (90 rain). The cell in 
]~ig. 4 contains a large phagosome (ph) and a number of monoeyte azm'ophil granules which vary in size 
(~00-400 nm) and shape. Rounded (1), elongated (~), and dumbbell (3) forms are seen. The Golgi com- 
plex  (Ge) and some of the granules contain AcPase reaction product. Fig. 5 is an enlargement of tile 
Golgi region showing  the localization of reaction product within Golgl  cisternae  (Gc) and  granules 
(arrows)  to better advantage. The fact that many of the  monocyte azurophils (a) are not reactive is 
due presumably to  their histochemical latency. As in the case of the PMN it is the smaller, less con- 
densed immatm'e forms that react (18). Nucleus (n); endoplasmic reticulum (er). Specimen preparation 
as for Figs. ~ and 3. Fig. 4, X  ~0,000; Fig. 5~ X  54,000 
146  T~E $OVnSAL OF CELL BIOLOGY • VOLV~E 54,  197~ F_~I~QVI~.~I~ xT  AI.  Acid Phosphatase in PMN  Granule  Fractmns  147 ~GIJRn 6  Another mononuclear cell from a peritoneal exudate. AePase reaction product is seen within 
a small azurophfl granule (1) and within several large dense bodies (2-1~) which correspond to secondary 
lysosomes, as well as in the cisternae of the Golgi complex (Gc).  Several other small, monocyte azurophil 
granules (a)  and structures  (d) which could represent either unusually large azurophil granules or dense 
bodies are not reactive. Specimen preparation as for Figs. ~ and 8. X 40#00. 
nuclei, red blood cells, pieces of granule-containing 
cytoplasm,  membranous  profiles, and  aggregated 
chromatin)  was  also  present.  In  addition,  oc- 
casional  eosinophil  granules  could  be  identified. 
The  distribution  of AcPase  reaction  product  was 
very limited.  In  accordance  with  the  findings  m 
sztu,  most of the azurophiI granules were not reac- 
tive, but reaction product was occasionally noted 
in  eosinophiI granules  (Fig.  7,  inset).  It was  also 
observed  within  circular  profiles which  have  the 
same  diameter  as  azurophil  granules  and  which 
most  probably  represent  "ghosts"  of  azurophils 
disrupted by the prolonged incubation at acid pH. 
A  fine  sprinkling  of lead  phosphate  crystals  was 
seen sticking to the outer leaflets of azurophil gran- 
ule membranes and some (but not all) of the other 
elements  present  in  the  fraction.  Such  deposits 
were not found in the controls or in the B or C frac- 
tions. A  result of this sort could obtain if the gran- 
ule membrane  were permeable  to fl-glycerophos- 
phate  and  inorganic  phosphate  but  not  to  lead 
ions, in which case inorganic phosphate would be 
released enzymatically inside the granules,  but be 
trapped  by lead  only as it diffuses  out.  The fact 
that reaction product is not found on the outside of 
disrupted ghosts or of some of the smaller vesicular 
profiles present favors this interpretation. An alter- 
native  possibility  is  that  the  deposits  are  due  to 
14,3  THE  JOlmNAL OF CELl, BIOLOGY - VOLUME 54,  197~ FIGURE 7  A fraction, AcPase test  This fraction consists primarily of PMN azurophil granules. Most of 
the granules are intact and do not show Acl~asc reaction product owing to their histochemical latency 
(see Figs. ~ and 8). Reaction product is present within two membranous profiles (arrows)  which most prob- 
ably represent ghosts of disrupted azm'ophil granules and within an eosinophll granule (eo, inset). Lead 
phosphate crystals are also seen adhering to the outside of the membranes of intact azurophil granules. 
Such deposits could represent enzyme activity released from disrupted azurophil granules, and readsorbed 
to the outside of intact azm'ophils,  or could result from differential permeability of the membrane  (see 
text). Note that many of the azurophils (ag') show a central denser core and a lighter periphery. Specimen 
incubated in pellet (90 rain) in Gomori medium, plK 5.0, with fi-glycerophosphate. X  80,000. enzyme molecules that became adsorbed onto the 
membrane after  disruption of azurophils during 
the separation or incubation procedures 
F~ACTION :  The main components of the B 
fraction are  the  B  or  specific  granules  (Fig  8), 
which were concentrated near the bottom of the 
pellet. As in the case of the A pellet, the top of the 
pellet contained a  certain amount of cell debris 
(mitochondria, vesicular profiles, and chromadn). 
This  pellet  displayed  the  least  cytochemically 
demonstrable AcPase activity of all the fractions. 
Reaction product was found only rarely and when 
present was located either inside membranous pro- 
files (possibly representing the ghosts  of azurophil 
granules or phagocytic vacuoles) or within dense 
bodies (Fig. 8). 
c  Ft~AGTION  :  As already reported (6, 7), this 
fraction is quite heterogeneous and contains glyco- 
gen,  large  and  small vesicles,  smooth  cisternae, 
specific  granules,  and  other  small  granules  of 
varied size and shape  (Figs.  9-13)  The granules 
were concentrated at the bottom of the pellet while 
the cisternal and vesicular elements were located 
at the top. Lead phosphate deposits  indicative of 
AcPase  activity were  found  in  several  different 
structures:  (a)  in smooth  cisternae,  (b)  in small 
pleomorphie granules, (c)  in larger dense bodies, 
and  (d)  in  membrane-limited  vacuoles.  The 
smooth cisternae can be identified as Golgi cister- 
nae based on their tendency to remain in stacks 
(Fig. 10) or networks (Fig. 12) and on the basis of 
the  thickness  of their  membranes  (greater  than 
that of ER membranes). Moreover, there is little 
or no smooth ER in the starting cells. It should be 
emphasized that under the conditions studied, only 
some of each of these elements in a given prepara- 
tion contained reaction product.  As far as  their 
source is concerned, the Golgi cisternae could come 
from  either  PMN  or  mononuclear  cells,  since 
AcPase reaction product was found in the Golgi 
complexes of both cell types in the starting mate- 
riM. In fact, there is some evidence that they come 
from both, since some of the Golgi cisternae remain 
stacked (Fig  10), resembling those commonly seen 
in intact PMN, whereas others (Fig.  12) resemble 
those found in mononuclear  cells  Of the remaining 
AcPase-positive elements the  small pleomorphic 
granules are  similar in  size  (100-400  rim)  and 
shape to the azurophil granules seen in mononu- 
clear ceils. In our material, no granules of this type 
were seen in the PMN of the starting exudate. The 
dense  bodies  appear  to  be  secondary lysosomes 
again of mononuclear cell origin since such bodies 
were not found in PMN of the exudate. 
D FRACTION:  The  D  fraction  consists  pri- 
marily of vesicular profiles  of various sizes, along 
with a  few  Golgi cisternae which often occur as 
single flattened cisternae. Very few  granules are 
present. AcPase activity was very limited; it was 
seen occasionally  within Golgi cisternae and within 
rare profiles which appeared to correspond (on the 
basis of size) to azurophil granule ghosts. 
DISCUSSION 
Origin of the C Particles 
The purpose of these studies was to obtain fur- 
ther information on the nature of the  C fraction 
previously isolated from rabbit peritoneal exudate 
cells  by  zonal  sedimentation  (6)  and  isopycnic 
centrifugation (7)  This fraction consists of particles 
lower in density than those of the A and B fractions 
(with  azurophil  and  specific  granules,  respec- 
tively), contains considerable activity for a number 
of acid hydrolases including acid phosphatasc, and 
is morphologically quite heterogeneous. Our pres- 
ent goal was to establish the source of the C parti- 
cles, and in particular, to determine whether they 
are derived from PMN or mononuclear cells. 
Examination of  the  peritoneal  exudates  that 
constitute the starting material for the fractiona- 
tion procedure confirmed the presence of signifi- 
cant numbers (9%) ofmononuclear  cells in the exu- 
dates, which contain primarily (97 %) PMN. Upon 
examination of the pellets obtained after centrffu- 
gation of the initial homogenate at 400 g, we were 
unable to  identify any intact mononuclear cells, 
which  indicates  that  these  elements were  quite 
effectively disrupted by the homogenization  proce- 
dure  and  thus,  their  components  must  be  ac- 
counted for in the fractionation scheme  Moreover, 
such  components  would  represent  a  reasonable 
source for the C fraction because, as is well known, 
monocytes (18) and macrophages (20, 21, 18) con- 
tain a  whole spectrum of lysosomal elements  In 
addition, as  recently reported  by Nichols  et  al. 
(18), monocytes contain a population of lysosomal 
granules, the azurophils, which vary in size and 
shape and are generally smaller than PMN gran- 
ules. Examination  of the C fraction by light micros- 
copy indicated that it  contains some azurophilic 
granules, smaller than PMN azurophils, and in the 
same size range as monocyte azurophil granules 
Electron microscopy confirmed the heterogeneity 
150  TEE JOVaNAL OF CELL BIOLOGY - VOLTJME 54,  19~ FmURE 8  B  fraction, AcPase test.  This fraction consists primarily of PMN  specific granules  (sg),  of 
~rying density, which are not reactive for AcPase. A number of the granules arc partially disrupted as 
evidenced by their interrupted membranes and less homogeneous content (sg~). Very little AcPase reaction 
product is found inthis fraction. The only reactive element in this field is a dumbbell-shaped dense body 
(d) or lysosome. Specimen incubated as in ]~ig. 7. X 30,090 
Fx~qv~Aa  ~T  AL.  Acid Phosphatase in PMN  Granule Fractions  151 ~ka~mE 9  C fraction, AcPase test. This fraction is quite heterogeneous and contains small (re) and large 
(re')  vesicular profiles~ small specific granules (sg), smooth-sm~aced eisternae corresponding to Golgi cis- 
ternae  (Go),  dense bodies  (d),  small gramfles (gr)  of various sizes  and shapes,  occasional mitochondria 
(m),  and glycogen particles  (not seen here). AcPase reaction product is present within several of these 
structures:  (a)  within the Golgi eisterna,  (b) within a dense body (d),  and  (e) within some of the small 
pleomorphlc granules (arrows).  Specimen incubated as in Fig. 7. X  60,000. 
152 FIOVRES 10-13  Fields from the C fraction, showing the distribution of AcPase reaction product within 
Golgi elsternae (Gc), within a dense body (d), and within small pleomorphic granules (gr). The dense body 
and small granules resemble the seeondary lysosomes and azurophil granules, respectively, of intact mono- 
nuelear cells (Figs. ~-6). The Golgi complex in Fig. 10 consists of 8--~, short, stacked cisternae such as those 
commonly found in intact PMN leukocytes. The Golgi complex in Fig. 1~ consists of several more elabo- 
rate, elongated cisternae such as those commonly found in mononuclear cells. Note that the stacked mem- 
branes in Fig. 10 appear fused. Most probably fusion oeeurs during the fraetionation procedure. Fig. 10, 
X  90,000; Fig. 11, X 75,000; Fig. 1~, X  56,000; Fig. 13, X  60,000. of the C fraction which consists of a variety of vesic- 
ular  and  granular  dements  (glycogen  particles, 
large and  small vesicles, Golgi cisternae,  specific 
granules,  dense  bodies,  and  small  pleomorphic 
granules). Cytochemical tests further demonstrated 
that  the  distribution of AcPase activity in the  C 
fraction is heterogeneous being found in Golgi cis- 
ternae,  small  pleomorphic  granules,  and  dense 
bodies. Comparison with the AcPase-positive struc- 
tures  in  the  starting  material  indicates  that  the 
Golgi  elements  are  probably  derived  from  both 
PMN  and  mononuclear ceils,  -whereas  the  pleo- 
morphic granules and dense bodies correspond to 
azurophil  granules and  secondary Iysosomes,  re- 
spectively, of mononuclear cells. It appears, there- 
fore, that the bulk of the cytochemically detectable 
AcPase activity present in the C fraction is derived 
from  mononuclear  cells,  since  they  contain  ele- 
ments comparable to those found in the C fraction 
whereas  (except for the Golgi cisternae) PMN do 
not  Of special interest is the presence in this frac- 
tion of granules which resemble monocyte azuro- 
phils in their  staining  (azurophilia),  morphology 
(small, pleomorphic),  and cytochemically detect- 
able  enzyme content  (AcPase).  These  monocyte 
granules were  recently characterized  by electron 
microscopy and cytochemistry  (18) and shown to 
be primary lysosomes containing AcPase and aryl 
sulfatase activity in all species investigated (rabbit, 
guinea pig,  and human) and peroxidase  in some 
(guinea pig and human)  The separation of a  ho- 
mogeneous  azurophil  granule  population  from 
monocytes now becomes a  project of considerable 
interest for the future  comparison of their enzyme 
content to that of the C fraction could explain the 
unusual spectrum of hydrolytic activities of the C 
fraction and will help provide definitive evidence 
for  or  against  our  interpretation  of  the  present 
results. 
Number of PMN  Granule  Types 
There is at present agreement among workers in 
the field (1-10, 22, 25) concerning the existence of 
the  two  main types--azurophil or primary gran- 
ules, and specific or secondary granules--in rabbit 
PMN.  Their distinctive morphology (1,  2),  sepa- 
rate  origins  (1,  2),  and different nature,  i.e.  one 
lysosomal and the  other  nonlysosomal (4-7),  are 
firmly established.  3 Beyond this, Wetzel et al. (2, 3) 
Only Zeya and Spitznagel (23)  appear to disagree 
with  this  concept.  Using  sucrose  density  gradient 
have described a  third or tertiary granule type in 
rabbit  PMN.  According  to  their  findings,  such 
granules  appeared  late  m  development,  were 
smaller than the other two types, variable in shape, 
and contained AcPase. However, no such granules 
were detected by Bainton and Farquhar  (1,  4,  5) 
or  Miller  (22),  and  they  were  not found  in the 
PMN of the exudates used as starting material for 
these experiments 
As pointed out above, the cytochemical findings 
m s#u and the biochemical results on fractions ob- 
tained by Baggiolini et al. (6, 7) are in close agree- 
ment as far as the azurophil and specific granules 
are  concerned.  However,  the  fractionation  data 
left unresolved the question of the existence of a 
third  granule type.  Baggiolini and his  coworkers 
suggested  that  the  small  pleomorphic  granules 
found in the  C  fraction might correspond  to  the 
tertiary  granules of Wetzel  et  al.,  but  they  also 
considered the possibility that such particles were 
derived  from  contaminating  mononuclear  ceils 
The  present  data  provide  strong  circumstantial 
fracdonation, these authors have obtained three frac- 
tions from rabbit exudate PMN: (a) a band of large, 
heavy  particles  which  contained  the  antibacterial 
proteins plus most of the  acid mucopolysaecharides 
and  myeloperoxidase,  (b)  a  middle  band of inter- 
mediate-sized particles containing  most of the alkaline 
phosphatase, and (c) a lighter band with much of the 
p-nitrophenyl-phosphatase.  All  fractions  contained 
acid hydrolases with  the  distributions varying from 
one enzyme to another. The authors concluded that 
their heaviest fraction corresponds to specific granules, 
a conclusion which is based largely on the staining of 
the fraction with routine Wright's stain and therefore, 
in  our  opinion,  is  not justified  (see  Special  Stains 
section in Results).  Moreover,  examination of their 
supporting  electron  micrographs  and  distribution 
data  for  peroxidase  and  alkaline phosphatase  sug- 
gests  that  their  heaviest fraction consists  largely of 
azurophiI or primary granules and their intermediate 
fraction of specific  or secondary granules. However, 
the inadequate basis of the azure A staining, the lack 
of computed  enzyme recoveries,  and  the  evidence 
that  enzyme  leakage  occurred  from  damaged 
particles  (as suggested by the very high amounts of 
soluble  activities  recovered  in  the  loading  zone) 
render further interpretation of their  data difficult. 
The  results  of  their  fractionation  of  rabbit  bone 
marrow (24)  are even more difficult to interpret due 
to the multiplicity  of cell types present in the starting 
material  (e.g.,  mononuclear  cells,  eosinophils, 
megakaryocytes, and reticuloendothelial cells as well 
as PMN). 
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azurophil  granules  derived  from  mononuclear 
cells  Accordingly, the existence of the C  fraction 
can no longer be considered as supportive evidence 
for the existence of a  third  Wpe of PMN granule. 
As pointed out earlier  (5), it is impossible to rule 
out the existence of heterogeneity among  the two 
main PMN granule types on the basis of evidence 
currently  available  However,  the  existence  of a 
special class of tertiary granules  (2,  3,  25)  is open 
to  question  since  it  has  not  been  generally  con- 
firmed and since the evidence is limited in extent 
and not beyond doubt technically. 
In summary,  the existence of azurophil and spe- 
cific granules  with the general characteristics  de- 
scribed  above  is  established  beyond  reasonable 
doubt, ~ but  the existence of more than  two kinds 
of PMN granules  (or subtypes of these)  lacks con- 
vincing supporting evidence. 
Coraments  on ~he AcPase  Reaction 
Our  observations  have  confirmed  a  number 
of points  reported  previously  (5,  19)  concerning 
the  histochemical  latency  of the  enzyme  activity 
present in PMN granules to demonstration by lead 
techniques:  (a)  intact,  mature  PMN  azurophil 
granules  are  not  reactive;  (b)  granules  must  be 
disrupted (e.g, by freezing and thawing, smearing, 
or  prolonged  incubation  at  acid  pH)  to  be  acti- 
vated,  (c)  immature  (not  fully condensed)  PMN 
azurophits are reactive; and (d) eosinophll granules 
and monocyte azurophil granules  (18)  exhibit the 
same latency phenomenon,  but  are  more  readily 
activated than  PMN  azurophils,  i e,  they do not 
require such extensive disruption for activation 
The bistochemical latency, like the biochemical 
latency, could be due to lack of permeability of the 
granuIe membrane  to one or more of the compo- 
nents of the incubation medium  (5,  19).  As men- 
tioned above, in  the case of glutaraldehyde-fLxed, 
isolated  azurophils,  this  impermeability  could  be 
4 It is of interest that the occurrence of two distinctive 
types of granules in PiK4N applies to all species that 
we have studied thus far (guinea pig, rat, mouse, cat, 
dog,  pig,  and  human).  Only in the rabbit  and  the 
guinea pig, however, can the two granule populations 
be consistently distinguished by morphologic criteria 
alone  (size,  shape,  and  density).  In  other  species, 
such  as  the  human  (26),  we have  taken  advantage 
of the  fact that  myeloperoxidase is  localized exclu- 
sively in azurophil granules and used this enzyme as 
a eytochemical marker for azurophils. 
restricted  to the lead ions,  accounting for the ap- 
pearance  of lead phosphate  deposits  on the outer 
face of the membrane. 
Finally, the finding of AcPase m  Golgi and ER 
(perinuclear)  cisternae  of  some  exudate  PMN 
should  be  mentioned  A  similar  localization  of 
AcPase activity was  observed previously in devel- 
oping  PMN  (5)  in whmh  it was  presumed  to  be 
associated  with  secretion  However,  there  is  no 
clear explanation for the presence of reactive Golgi 
in mature  PMN from exudates  This situation re- 
quires further investigation 
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